How much protein do critically ill patients require? For the many decades that nutritional support has been used there was a broad consensus that critically ill patients need much more protein than required for normal health. Now, however, some clinical investigators recommend limiting all macronutrient provision during the early phase of critical illness. How did these conflicting recommendations emerge? Which of them is correct? This review explains the longstanding recommendation for generous protein provision in critical illness, analyzes the clinical trials now being claimed to refute it, and concludes with suggestions for clinical investigation and practice.
How much protein do critically ill patients require? For most of the more than 40 years that effective nutritional support therapy has been used there was a broad consensus that critically ill patients require much more protein than people in normal health. Now, however, some clinical investigators recommend that we not interfere with the early catabolic phase of critical illness by administering large amounts of any macronutrient (Casaer and van den Berghe 2014). As one of them (Rice 2013) put it, "Nutrition may be another treatment in the intensive care unit (ICU) where less is more." How did these conflicting recommendations emerge?
Nutritional pathophysiology of critical illness
Let's start by reviewing the original recommendation that critically ill patients benefit from the early provision of large amounts of protein. The body cell mass (BCM) consists of a peripheral compartment, skeletal muscle, which accounts for ~ 80% of the BCM of a healthy young adult, and a central compartment (splanchnic and other organs, blood cells, immunocytes and plasma proteins) which makes up the rest. Severe tissue injury precipitates a systemic inflammatory storm that dramatically increases endogenous muscle protein catabolism, releasing amino acids into the circulation for delivery to the rapidly turning over central compartment for protein synthesis at sites of tissue injury and elsewhere to regulate inflammatory and immune responses (Hoffer and Bistrian 2012) . Left unchecked, skeletal muscle catabolism can rapidly lead to severe muscle atrophy and deplete the body of the amino acids it needs for wound healing and immune regulation. These considerations strongly predict that generous protein provision can D r a f t 4 improve clinical outcomes in protein-catabolic states. The recommended protein intake for normal people is 0.8 g/kg per day, whereas the commonest official recommendation in critical illness is 1.5g/kg normal dry body weight per day (Ziegler 2009; Hoffer and Bistrian 2013a) . A large amount of metabolic data, and some preliminary clinical trial evidence, suggests that the early provision of 1.5 -2.5 g protein/kg per day could be optimal (Hoffer and Bistrian 2012; Hoffer and Bistrian 2013b; Hoffer and Bistrian 2014) . No high-quality clinical trials have been carried out to identify what the requirement actually is (Ziegler 2009; Hoffer and Bistrian 2012;
Hoffer and Bistrian 2013a).
The problem with recommendations based on recent clinical trials
The recommendation that "less nutrition is better" emerged from recent randomized clinical trials (RCTs) of early nutritional interventions in the ICU (Rice 2013; Casaer and van den Berghe 2014; Preiser et al. 2015 ). An analysis of five of them led to the conclusion that supplemental nutrition does not improve clinical outcomes, and a sixth RCT published shortly afterward was consistent with this view (Harvey et al. 2014) .
Did these RCTs disprove the hypothesis that generous protein provision is beneficial in the ICU?
Actually they did not, because they are flawed by a serious design problem: they focused on the wrong nutrient. All therapeutic trials -especially nutritional ones, given their variety and complexity -should be founded on physiologically sound premises (Tonelli et al. 2012; Hoffer and Bistrian 2013a) . The physiologically implausible premise of all the RCTs whose results are being cited to justify the recommendation that "less nutrition is better in the ICU" is that calories 
Cognitive biases
Why have so many RCTs been carried out to test the hypothesis that critically ill people need more calories, knowing as we do that 95% of them already have adequate or excessive calories stored in their adipose tissue, but not more protein, knowing as we do that the majority of them receive drastically less protein than has long been formally recommended? The scientific reasoning used to justify these trials was explained as follows (Casaer and van den Berghe 2014).
EN is currently strongly preferred to PN, but in practice EN advances so slowly that it falls short of recommended goals for most ICU patients. Since critical illness increases energy expenditure D r a f t 7 and negative energy balance promotes muscle wasting, providing more calories to critically ill patients could spare their muscle mass. Furthermore, observational studies have linked worse clinical outcomes to more deficient calorie provision. In conclusion, this reasoning goes, the provision of more calories to critically ill patients could improve their clinical outcomes.
Both arguments are incorrect. While it's true that energy expenditure increases roughly proportionately to the intensity of the protein-catabolic response, calorie provision that exceeds ~ 50% of energy expenditure improves nitrogen balance very little further (Dickerson 2005), especially in critical illness (Behrendt et al. 1990; Frankenfield et al. 1997; Japur et al. 2010) , even as it increases the risk of hyperglycemia and other adverse outcomes. Some level of nonprotein calorie provision may indeed be important in the early phase of critical illness, but it is unlikely that total calorie provision has to exceed 50 to 70% of energy expenditure in the early phase of critical illness as long as protein provision is increased to compensate for the mild reduction in the efficiency of protein retention induced by the hypocaloric state (Hoffer and Bistrian 2012; Hoffer and Bistrian 2013a). The existing biological data actually suggest that high energy, protein-deficient nutrition of the kind that was tested in these RCTs is harmful (Moldawer et al. 1978; Moldawer et al. 1981; Sandstrom et al. 1993) .
The second argument is simply misconstrued. It's true that there's a relationship between low rates of calorie provision and poor clinical outcomes in the ICU, but calorie-deficient diets are invariably even more seriously protein deficient. Leaving aside the problem of causal inference that always confounds observational studies, the evidence cited by these clinical trial experts to D r a f t 8 justify the physiologically implausible claim that critically ill patients don't get enough calories is much more plausibly interpreted as evidence that they don't get enough protein.
In response to such criticism, a post hoc analysis was carried out that suggested the possibility that patients who received less protein had better clinical outcomes (Preiser et al. 2015) . Post hoc analyses of this kind are notoriously untrustworthy, and they are particularly unreliable in this situation, because the protein intakes that were analyzed are well below a plausible threshold for detecting a physiological effect.
How did such simplistically flawed scientific reasoning ever gain currency? I suggest two explanations: the first is a complacent ignorance of the details of nutritional physiology, perhaps justified by the misconception that since physiological insight is not "evidence" it can be disregarded when designing clinical trials (Tonelli et al. 2012; Hoffer and Bistrian 2013a) ; the second is cognitive bias. One such bias arises from a process of stereotypical thinking that regards "calories" as a synonym for "nutrition." Even a casual reading of the modern critical care literature turns up nearly countless examples of this conflation bias. For example, three of the six RCTs that were analyzed for this article formally describe themselves as "calories" trials (Singer et al. 2011; Heidegger et al. 2013; Harvey et al. 2014 ), but they are now being interpreted as "nutrition" trials. When someone starts thinking that "calories" and "nutrition" mean the same thing, it's easy to forget about the other components of a nutritional regimen.
A second bias, known as the streetlight effect, arises from an emotional disinclination to acknowledge any variable that's not in plain view (Lernmark 2015) . In the early years of D r a f t 9 nutritional support, PN was enriched with high-energy dextrose in a misguided effort to boost the anabolic effect of the infused amino acids. As the toxicity of calorie overfeeding became evident and EN products and procedures improved, EN became the standard of care. Unfortunately, it went unnoticed that the enteral products that have replaced PN are designed for normal people and hence are protein-deficient for critically ill patients. The current situation requires the treating team to choose between two adverse consequences: severe protein deficiency during the first 7 to 10 days in the ICU, or toxic calorie overfeeding as the cost of providing a suitable amount of protein. Because of the streetlight bias, these physiologically irrational EN products represent the current standard of care in modern ICUs, against which other, equally irrational regimens were compared in recent RCTs (Hoffer and Bistrian 2013a; Hoffer and Bistrian 2014) .
Need for better clinical research and practice
Fortunately, the disappointing results of these several large, calorie-focused RCTs appears to have increased awareness of the complete absence of high quality evidence addressing the truly important question of protein requirements (Preiser et al. 2015) . One hopes to see, in the near future, the publication of physiologically literate RCTs of nutritional regimens that provide early and suitably generous amounts of protein to critically ill protein-catabolic patients, such as 1.5 to 2.0 g protein -equivalent to 1.8 to 2.4 g mixed free amino acids (Hoffer 2011 D r a f t 10 The design of these trials will benefit from insights derived from the study of the obese critically ill patients who make up a large proportion of modern ICU patients. Current guidelines recommend providing obese critically ill patients with 2.0-2.5 g protein/kg normalized dry body weight per day while limiting energy provision to 50-70% of energy expenditure (Choban et al. 2013 ). These well-reasoned recommendations should be rigorously tested, not only in obese patients, but in all protein-catabolic patients whose body fat store is reasonably adequate (Hoffer and Bistrian 2015) .
Conclusion
We have more than enough information from sophisticated RCTs that tested the implausible hypothesis that critically ill patients need more calories but not much protein, with predictably negative results. We may safely conclude that less "calories" is better in the ICU. We may not conclude that less "nutrition" is better. The correct amount of protein to provide critically ill patients remains an urgent, unanswered question.
Take home points
1. For many decades there was a broad consensus that critically ill patients need much more protein than required for normal health. Some clinical investigators now recommend that all macronutrient provision be restricted during the early phase of critical illness.
D r a f t 11 2. The view that protein requirements are increased in protein-catabolic critical illness is supported by a vast amount of consistent physiological and metabolic research, but no high quality randomized clinical trial (RCT) has ever been carried out to verify whether providing the amounts of protein recommended actually improves clinical outcomes. Several recent large RCTs of intensified nutritional support in the early phase of critical illness now show no evidence of benefit from such interventions.
3. These RCTs have been described by their authors as nutritional interventions, but in reality they were calorie interventions. Except for one of them, the amounts of protein provided were well below a plausible threshold for detecting any clinical benefit. The recommendation that all macronutrients (including protein) be restricted in critical illness is not justified by the results of these clinical trials.
Many
RCTs have now tested the biologically implausible hypothesis that critically ill patients -most of whom already have ample or more than ample fat stores -need more calories, but no clinical trials have been carried out to test the extremely plausible hypothesis that proteincatabolic patients -most of whom are severely protein deprived -would benefit from generous protein provision. There is an urgent need for such clinical trials. 
